Introduction {#S0001}
============

Chronic obstructive pulmonary disease (COPD) is a leading cause of disability and mortality worldwide.[@CIT0001],[@CIT0002] An increasing rate of COPD severity has been associated with decreasing cardiac function.[@CIT0003] Cardiovascular disease is a frequent and important comorbidity in COPD patients. Congestive heart failure (CHF) affects 20%--70% of the COPD patient population.[@CIT0004],[@CIT0005] N-terminal pro B-type natriuretic peptide (NT-proBNP), as a biomarker of cardiac function, is recommended for heart failure diagnosis in guidelines from many countries.[@CIT0006]--[@CIT0008]

There have been some studies on the correlation between the concentration of NT-proBNP and prognosis of COPD patients.[@CIT0009]--[@CIT0011] The study of Chang et al showed that elevated levels of NT-proBNP were only associated with 30-day mortality but not with long-term mortality.[@CIT0010] They found that compared with patients with normal NT-proBNP and troponin T, patients with elevated NT-proBNP levels had higher 1-year mortality rates; however, elevated NT-proBNP levels not predicted deaths between 30 days and 1 year of follow-up.. In their cohort, patients with a malignancy were not excluded, which might have influenced the results. Another study from Pervez et al also found that elevated NT-proBNP levels did not predict long-term mortality in COPD patients;[@CIT0012] however, there were only 84 COPD patients in their study. A retrospective study showed that elevated levels of NT-proBNP were not associated with in-hospital mortality.[@CIT0013] In their study, they could only analyze data from patients with available data on NT-proBNP levels, which introduced sample bias into their cohort. Two studies showed that elevated levels of NT-proBNP were associated with long-term mortality;[@CIT0009],[@CIT0011] however, their studies had relatively few patients. Therefore, the association between the concentration of NT-proBNP and in-hospital and 1-year mortality in COPD patients is largely unknown. To ascertain the role of NT-proBNP as a prognostic marker for in-hospital and 1-year mortality in acute exacerbations of chronic obstructive pulmonary disease (AECOPD) patients, we performed a prospective study.

Method {#S0002}
======

Study Design and Patients {#S0002-S2001}
-------------------------

We recruited consecutive patients who were hospitalized for AECOPD in the Third Affiliated Hospital of Guangzhou Medical University (Guangzhou, People's Republic of China) from January 01, 2013 to June 30, 2018. For patients admitted more than once during the study period, only the first admission was included in the analysis. Patients had been clinically diagnosed with COPD, defined according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria[@CIT0014] (a ratio of forced expiratory volume in one second (FEV~1~) to forced vital capacity (FVC) of \<70% after bronchodilator use). The primary diagnosis of patients at admission was AECOPD. Patients included in the study had no signs and/or symptoms that would cause their attending physicians to alter their primary diagnosis to pneumonia or other diseases. Patients with active tuberculosis, pulmonary fibrosis, or a pulmonary embolism were not included in this study. Patients with asthma, obstructive sleep apnea-hypopnea syndrome, or bronchiectasis were not excluded from this study. We excluded patients who did not have the ability or willingness to cooperate with the study physicians as well as those who had a malignancy. All patients were recruited on the first day of hospitalization. After discharge, patients were followed up every three months for 1 year by telephone. The first day of 1-year follow-up was defined as the day of discharge. The ethics committee of The Third Affiliated Hospital of Guangzhou Medical University approved the research protocol. All patients provided written informed consent. This study was conducted in accordance with the Declaration of Helsinki.

Data Collection and Definitions {#S0002-S2002}
-------------------------------

Demographic data for patients were recorded at admission. We also recorded clinical data, such as the number of exacerbations in the previous year, vital signs, and comorbidities (specifically cardiovascular disease). Blood samples of patients were collected on the day of hospitalization and before patients received any medications to determine NT-proBNP concentration, neutrophil count, hemoglobin level, D-dimer level, creatinine level, blood urea level, nitrogen levels, and blood gases. The concentration of NT-proBNP was estimated using the Elecsys proBNP assay (Roche Diagnostics). All lab tests were performed by the hospital laboratory. Exacerbations were defined as an increase in the severity of respiratory symptoms (cough, sputum, wheezing, dyspnea, or chest tightness), requiring hospitalization or an emergency department visit (leading to systemic corticosteroids, antibiotics, or both). The diagnoses of CHF and renal dysfunction have been previously described.[@CIT0015] Patients were managed by their attending physicians, who did not participate in the present study, according to the GOLD guidelines.

Statistical Analysis {#S0002-S2003}
--------------------

The primary outcome was in-hospital mortality and 1-year all-cause mortality. The secondary outcome was the factors associated with in-hospital mortality and 1-year mortality. Continuous variables with normal distribution were presented as means ±standard deviation (SD). Non-normally distributed variables were presented as medians (interquartile range, IQR). Categorical variables were presented as percentages. Comparisons between groups were performed with the use of the analysis of variance, the Mann--Whitney *U*-test (continuous variables), or a nonparametric Chi-Square test (categorical variables). The threshold concentration of NT-proBNP was determined with the use of the receiver operating characteristic (ROC) curve. Logistic regression was used for analyses of the factors of in-hospital mortality. Cox regression was used for analyses of the factors of 1-year mortality. All variables that were detected in the univariate analyses (with a p-value of ≤0.2) were included in the multivariate analyses,[@CIT0016] with controlling for relevant covariates (age, sex, smoking status, body mass index (BMI), GOLD stage, heart failure, and renal dysfunction). Comparison of mortality between groups with and without elevated NT-proBNP concentrations was performed using the Kaplan--Meier estimator. Survival curves were compared using the log rank test. In subgroup analyses, the homogeneity of the hazard ratio was performed using the Breslow-Day tests. All analyses were two-sided, and a p-value of \<0.05 was considered statistically significant. All analyses were performed using SPSS software, version 16 (SPSS Inc., Chicago, IL, USA).

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

A total of 449 patients hospitalized for AECOPD were recruited for the study, and 429 patients were enrolled and followed up ([Figure 1](#F0001){ref-type="fig"}). Of the patients, 66.43% were male. The mean age of patients was 76.21±9.34 years. [Table 1](#T0001){ref-type="table"} shows the demographic and baseline clinical characteristics of the patients between the survivor group and non-survivor group. Twenty-nine patients died during hospitalization. The non-survivor group had a lower BMI (19.49±3.57 vs 22.19±4.76, p=0.003) and a lower hemoglobin level (122.34±25.36 vs 130.57±19.63 0.034, p=0.034) compared with the survivor group. The non-survivor group was also older than the survivor group (80.14±6.56 vs 75.93±9.45 years old, p=0.003) and had a higher NT-proBNP concentration (5767.00 (1372.50--12,887.00) vs 236.25 (80.03--1074.75) ng/L, p\<0.001), a higher neutrophil count (10.52±5.82 vs 7.70±4.31, p=0.016), a higher D-dimer level (1231.62±1921.29 vs 490.11±830.19, p=0.048), and a higher blood urea nitrogen (BUN) level (9.91±6.33 vs 6.51±4.01 mmol/L, p=0.001) compared with the survivor group. Compared with the survivor group, CHF comorbidity was more common in the non-survivor group (65.52% vs 33.75%, p\<0.001). There were no significant differences between the two groups regarding hospital stay, sex, smoking status, exacerbations during the preceding year, smoking history (pack-years), renal dysfunction comorbidity, pH, partial pressure of CO~2~ (PaCO~2~), partial pressure of O~2~ (PaO~2~), and creatinine concentration.Table 1Patient Characteristics According to in-Hospital MortalityCharacteristicNon-Survivors (29)Survivors (400)P-valueHospital stay (days)9.798.610.232Age (yr.)80.14±6.5675.93±9.450.019Male sex (%)68.9766.250.765Body-mass index19.49±3.5722.19±4.760.003Smoking status (%)0.119 Never41.3825.25 Former48.2854.25 Current10.3420.50Smoking history (pack-yr.)46.65±29.9846.43±31.160.977COPD stage (%)\<0.001 I-9.75 II65.5236.00 III34.4837.5 IV-16.75Congestive heart failure (%)65.5233.75\<0.001Renal dysfunction (%)68.9768.500.958Exacerbations during preceding year (%)55.1746.250.352NT-proBNP (ng/L)5767.00 (1372.50--12,887.00)236.25 (80.03--1074.75)\<0.001Neutrophil count (×10^9^/L)10.52±5.827.70±4.310.016Hemoglobin (g/L)122.34±25.36130.57±19.630.034D-dimer (μg/L)1231.62±1921.29490.11±830.190.048pH7.40±0.097.39±0.050.547PaO~2~(mmHg)80.29±30.4188.50±27.230.121PaCO~2~(mmHg)48.48±22.9445.27±11.930.197Creatinine (μmmol/L)109.83±73.5393.83±50.900.115BUN (mmol/L)9.91±6.336.51±4.01\<0.001[^1] Figure 1Flow chart of study patients.

Association Between NT-proBNP Concentrations and Clinically Relevant Outcomes {#S0003-S2002}
-----------------------------------------------------------------------------

The sensitivity and specificity of NT-proBNP concentrations for in-hospital mortality were explored in this study with the use of the ROC curve. [Figure 2](#F0002){ref-type="fig"} shows that the area under the ROC curve (AUC) for NT-proBNP concentrations was 0.88 (95% confidence interval \[CI\], 0.84--0.93) and the cut-point for NT-proBNP concentration was 551.35 ng/L with a sensitivity of 0.97 and a specificity of 0.66. The patients in the entire cohort were divided into two groups based on the cut-point concentration of NT-proBNP. There were 164 patients with an NT-proBNP concentration ≥551.35 ng/L and 265 patients with an NT-proBNP concentration \<551.35 ng/L. [Table 2](#T0002){ref-type="table"} shows the demographic and baseline clinical characteristics of the patients in the two groups. There were significant differences between the two groups regarding in-hospital mortality, hospital stay, age, BMI, COPD stage, CHF comorbidity, renal dysfunction, neutrophil count, hemoglobin, D-dimer, and BUN concentration. Conversely, there were no significant differences between the two groups regarding sex, smoking status, smoking history, the number of exacerbations during the preceding year, pH, PaO~2~, PaCO~2~, and creatinine concentration.Table 2Patient Characteristics Stratified by NT-proBNP ConcentrationCharacteristicNT-proBNP ≥551.35 ng/L (164)NT-proBNP \<551.35 ng/L (265)P-valueHospitalization mortality (%)17.070.38\<0.001Hospital stay (days)9.688.07\<0.001Age (yr.)79.18±8.4774.38±9.39\<0.001Male sex (%)65.8566.790.841Body-mass index21.28±4.2822.45±4.950.012Smoking status (%)0.250 Never28.6624.91 Former55.4952.93 Current15.8522.26Smoking history (pack-yr.)44.02±30.8847.86±31.140.288COPD stage (%)0.016 I5.4911.32 II46.3432.83 III35.3738.49 IV12.8017.36Congestive heart failure (%)50.0027.17\<0.001Renal dysfunction (%)76.2263.770.007Exacerbations during preceding year (%)51.8343.770.104Number of exacerbations during preceding year1.051.000.697Neutrophil count (×10^9^/L)8.75±5.347.36±3.750.004Hemoglobin (g/L)125.21±24.22132.98±16.49\<0.001D-dimer (μg/L)791.25±1241.76384.90±688.54\<0.001pH7.39±0.077.39±0.050.547PaO~2~(mmHg)85.27±31.8389.60±24.360.121PaCO~2~(mmHg)46.90±16.3744.61±10.220.197Creatinine (μmmol/L)108.30±64.1486.62±42.370.115BUN (mmol/L)8.63±5.745.57±2.42\<0.001[^2] Figure 2ROC curve for NT-proBNP concentration as related to in-hospital mortality. The cut-point of NT-proBNP concentration was 551.35 ng/L. ROC: receiver operating characteristic.**Abbreviations:** AUC, area under the ROC curve; CI, confidence interval.

Factors Associated with Hospitalization Mortality {#S0003-S2003}
-------------------------------------------------

In univariate logistic regression analysis, we used all available baseline variables in the entire cohort to assess factors associated with in-hospital mortality. [Table 3](#T0003){ref-type="table"} showed that age, a history of CHF, an NT-proBNP concentration ≥551.35 ng/L, an increased neutrophil count, an increased D-dimer level, an increased creatinine level, an increased BUN level, pH \<7.35, pH \>7.45, and PaO~2~ \<60 mmHg were risk factors of in-hospital mortality. An increased BMI, COPD stage (per increase to next stage), and increased hemoglobin levels were protection factors of in-hospital mortality. The best predictor of in-hospital mortality was an NT-proBNP concentration ≥551.35 ng/L (relative risk (RR), 54.35; 95% CI, 7.32--403.77; P\<0.001). A multinomial logistic regression analysis showed that BMI, a history of CHF, an NT-proBNP concentration ≥551.35 ng/L, neutrophil count, and pH \>7.45 were independent factors associated with in-hospital mortality ([Table 3](#T0003){ref-type="table"}) while controlling for relevant covariates (age, sex, smoking status, BMI, GOLD stage, CHF, and renal dysfunction). The concentration of NT-proBNP ≥551.35 ng/L remained a strong predictor of in-hospital mortality after RR adjustment (RR, 29.54; 95% CI, 3.04--286.63; P=0.004).Table 3Univariate and Multivariate Associations with in-Hospital MortalityVariableUnivariate AnalysisMultivariate AnalysisRR (95% CI)P-ValueRR (95% CI)P-ValueAge (per increase of 10-year)1.75 (1.09--2.81)0.0200.96 (0.51--1.84)0.912Sex (female vs male)1.13 (0.50--2.55)0.765Body-mass index (per increase of 1 point)0.85 (0.77--0.95)0.0030.75 (0.64--0.88)0.001Smoking statusCurrent smoker vs never smoked0.31 (0.08--1.13)0.0750.31 (0.05--1.71)0.178Former smoker vs never smoked0.54 (0.24--1.22)0.1380.73 (0.23--2.34)0.602COPD stage (per increase to next stage)0.69 (0.44--1.08)0.1070.53 (0.25--1.11)0.091Congestive heart failure (yes vs no)3.73 (1.69--8.25)0.0014.78(1.55--14.72)0.006Renal dysfunction (yes vs no)1.02 (0.45--2.31)0.958Exacerbations during preceding year (yes vs no)1.43 (0.67--3.05)0.355NT-proBNP (≥551.35 vs \<551.35 ng/L)54.35 (7.32--403.77)\<0.00129.54(3.04--286.63)0.004Neutrophil count (per increase of 1×10^9^/L)1.10 (1.03--1.18)0.0021.09 (1.00--1.19)0.042Hemoglobin (per increase of 1 standard deviation ng/L)0.68 (0.48--0.97)0.0350.81 (0.51--1.30)0.390D-dimer (per increase of 1 standard deviation ng/mL)1.48 (1.18--1.86)0.0011.40 (0.98--1.99)0.063Creatinine (per increase of 1 standard deviation μmmol/L)1.24 (0.94--1.64)0.1260.89 (0.51--1.55)0.680BUN (per increase of 1 standard deviation mmol/L)1.56 (1.17--2.07)0.0021.21 (0.81--1.81)0.355pHpH\<7.35 vs 7.35≤ pH ≤7.453.13 (1.18--8.28)0.0223.32 (0.93--11.88)0.064pH\>7.45 vs 7.35≤ pH ≤7.458.36 (3.34--20.91)\<0.0016.30 (1.86--21.34)0.003PaO~2~(\<60 vs.≥60 mmHg)4.42 (1.88--10.40)0.0011.54 (0.46--5.14)0.484PaCO~2~(≥50 vs.\<50 mmHg)1.67 (0.75--3.71)0.210[^3]

NT-proBNP Concentration and 1-Year Mortality {#S0003-S2004}
--------------------------------------------

In the entire cohort, 29 patients died during hospitalization. Two patients did not have follow-up data. A total of 400 patients were included in the analysis. Fifty-nine patients died within 1-year. [Figure 3](#F0003){ref-type="fig"} shows the difference in 1-year mortality between the NT-proBNP concentration ≥551.35 ng/L group and the NT-proBNP concentration \<551.35 ng/L group using the Kaplan--Meier estimator. Mean survival times for patients in the two groups were 296.62 days for the NT-proBNP concentration ≥551.35 ng/L group and 356.62 days for the NT-proBNP concentration \<551.35 ng/L group. The log rank test revealed that there was a significant difference between the two survival curves, and the survival rate of the NT-proBNP concentration \<551.35 ng/L group was higher than of the NT-proBNP concentration ≥551.35 ng/L group (survival rate, 0.939 vs 0.684, p \<0.001). The predictive value of NT-proBNP ≥551.35 ng/L on 1-year mortality was maintained after adjustment (HR, 4.47; 95% CI, 2.38--8.41; P\<0.001). CHF had an important impact on AECOPD patient mortality. To eliminate the impact of CHF on the prognostic role of NT-proBNP levels for 1-year mortality, we performed a subgroup analysis ([Figure 4](#F0004){ref-type="fig"}) on patients with and without CHF. In subgroup analysis, the difference in 1-year mortality was significant between patients with CHF (p \<0.001) and without CHF (p \<0.001). The association between NT-proBNP ≥551.35 ng/L and 1-year mortality persisted in patients with (HR, 8.92; 95% CI, 3.13--25.12) and without (HR, 3.39; 95% CI, 1.46--7.88) a history of CHF, with controlling for relevant covariates (age, sex, GOLD stage, exacerbations during the preceding year, renal dysfunction, pH, PaCO~2~, and PaO~2~).Figure 3Kaplan--Meier survival curves evaluating the time to death in days for patients with NT-proBNP concentrations ≥551.35 ng/L and NT-proBNP concentrations \<551.35 ng/L. Panel A: survival curve for all patients; Panel B: survival curve for patients with CHF; Panel C: survival curve for patients without CHF.**Abbreviation:** CHF, congestive heart failure.Figure 4Subgroup analyses.

Factors Associated with 1-Year Mortality {#S0003-S2005}
----------------------------------------

In univariate Cox regression analysis ([Table 4](#T0004){ref-type="table"}), we found that p-values associated with age, COPD stage, a history of CHF, exacerbations during the preceding year, NT-proBNP concentration ≥551.35 ng/L, hemoglobin level, D-dimer level, BUN level, pH \<7.35, PaO~2~ \<60, and PaCO~2~ ≥50 were less than 0.2. The variable most strongly associated with 1-year mortality was the concentration of NT-proBNP ≥551.35 ng/L (HR, 6.14; 95% CI, 3.46--10.90; p\<0.001). Factors that were independently associated with 1-year mortality, on the basis of a multinomial Cox regression analysis, are shown in [Table 4](#T0004){ref-type="table"}. The relationship between NT-proBNP concentration ≥551.35 ng/L and 1-year mortality remained significant after adjustment (HR, 4.47; 95% CI, 2.38--8.41; P\<0.001).Table 4Univariate and Multivariate Associations with 1-Year MortalityVariableUnivariate AnalysisMultivariate AnalysisHR (95% CI)P-ValueHR (95% CI)P-ValueAge (per increase of 10-year)1.77 (1.29--2.44)\<0.0011.58 (1.05--2.38)0.027Sex (female vs male)0.84 (0.49--1.42)0.504Body-mass index0.98 (0.93--1.04)0.541Smoking statusCurrent smoker vs Never smoked0.83 (0.39--1.79)0.640Former smoker vs never smoked0.92 (0.51--1.68)0.791COPD stage (per increase to next stage)1.28 (0.95--1.71)0.1061.43 (0.97--2.10)0.068Congestive heart failure (yes vs no)2.00 (1.20--3.33)0.0081.37 (0.77--2.44)0.289Renal dysfunction (yes vs no)1.16 (0.66--2.03)0.611Exacerbations during preceding year (yes vs no)1.88 (1.11--3.17)0.0181.63 (0.92--2.88)0.093NT-proBNP (≥551.35 vs.\<551.35 ng/L)6.14 (3.46--10.90)\<0.0014.47 (2.38--8.41)\<0.001Neutrophil count (per increase of 1×10^9^/L)1.03 (0.97--1.08)0.347Hemoglobin (per increase of 1 standard deviation g/L)0.71 (0.55--0.90)0.0061.03 (0.78--1.36)0.844D-dimer (per increase of 1 standard deviation ng/mL)1.39 (1.20--1.60)\<0.0011.26 (1.02--1.55)0.033Creatinine (per increase of 1 standard deviation μmmol/L)1.12 (0.91--1.38)0.294BUN (per increase of 1 standard deviation mmol/L)1.34 (1.18--1.51)\<0.0011.20 (1.00--1.43)0.052pHpH\<7.35 vs 7.35≤ pH ≤7.452.14 (1.18--3.86)0.0121.24 (0.60--2.54)0.558pH\>7.45 vs 7.35≤ pH ≤7.450.71 (0.22--2.28)0.562PaO~2~(\<60 vs.≥60 mmHg)1.95 (0.96--3.96)0.0660.75 (0.30--1.86)0.537PaCO~2~(≥50 vs.\<50 mmHg)1.90 (1.11--3.23)0.0191.41 (0.70--2.87)0.338[^4]

Discussion {#S0004}
==========

Compared with the patients who had a concentration of NT-proBNP \<551.35 ng/L, patients who had a concentration of NT-proBNP ≥551.35 ng/L had an increased risk of in-hospital mortality and 1-year mortality. A meta-analysis also found that elevated NT-proBNP levels were associated with both in-hospital mortality and long-term mortality in COPD patients.[@CIT0017] In our study, we also found that CHF was an independent risk factor for in-hospital mortality (RR, 4.78; 95% CI, 1.55--14.72; P=0.006). This was consistent with previous findings in which CHF was a significant and independent risk factor of all-cause mortality in COPD and had a significant impact on COPD course.[@CIT0004] Chang et al[@CIT0010] previously found that elevated NT-proBNP levels (\>220 pmol/L) were associated with increased 30-day mortality. However, they did not find that elevated NT-proBNP levels predicted deaths between 30 days and 1 year of follow-up. They considered that elevated NT-proBNP was an indicator of acute pathological damage. Another study from Stolz et al[@CIT0018] showed that BNP can be used as a predictor of whether a patient will need to be placed in the ICU. However, they did not find that BNP was associated with short-term or long-term mortality in AECOPD patients. In Stolz's study, only 15% of patients had CHF. In our research, we had not done ECG and echocardiography to excluded patients with heart failure in our study. There might be some undiagnosed CHF patients included in our study. In our cohort, there were 35.9% of patients with a history of CHF. This might be the main reason for the different results. The meta-analysis performed by Pavasini et al[@CIT0017] found that elevated NT-proBNP levels were related to all-cause mortality in COPD patients with or without exacerbations. This meta-analysis also suggested that having a history of CHF did not influence the relationship between elevated NT-proBNP levels and long-term mortality. In our study, NT-proBNP ≥551.35 ng/L was still a predictor of 1-year mortality even after patients with a history of CHF were removed from the cohort. Thus, we believe that elevated NT-proBNP levels reflect not only the acute pathology of a severe exacerbation but also a state of long-term cardiac dysfunction in COPD patients, therefore indicating that elevated NT-proBNP levels were associated with long-term prognosis. In stable COPD patients, a study by Chi et al found that the severity of COPD was positively correlated with NT-proBNP levels.[@CIT0019] Another study in vascular surgery patients without a history of CHF showed that those with elevated NT-proBNP levels had an increased risk of mortality, and that patients with COPD had higher NT-proBNP levels and an even greater risk of mortality.[@CIT0020] These studies suggested that patients with stable COPD also had impaired cardiac function, and the higher the NT-proBNP levels, the worse the patient's prognosis. Given that CHF was one of the most common comorbidities in COPD patients, and given the harmful impact of cardiac dysfunction on the prognosis of COPD patients,[@CIT0021] we recommend that NT-proBNP concentrations should be routinely assessed in AECOPD patients.

We evaluated the effect of the cut-point for 1-year mortality (with a cut-point of 801.55 ng/L, AUC=0.79, 95% CI, 0.73--0.85; sensitivity=0.695, specificity=0.77) on in-hospital mortality. The NT-proBNP ≥801.55 ng/L was a risk factor of in-hospital mortality (multivariate analysis, RR=10.19; 95% CI, 2.38 to 43.64) and 1-year mortality (multivariate analysis, HR=4.95; 95% CI, 2.63 to 9.34). We also evaluated the effect of varying the cut-point in our study using cut-points taken from other studies on in-hospital mortality and 1-year mortality. Cut-points for NT-proBNP taken from van Gestel et al[@CIT0020] (with a cut-point of 500 ng/L), Medina et al[@CIT0022] (with a cut-point of 587.9 ng/L), Chang et al[@CIT0010] (with a cut-point of 1695 ng/L), and Hoiseth et al[@CIT0011] (with a cut-point of 969 ng/L) all showed a statistically significant difference in-hospital mortality (p\<0.001) and 1-year mortality (p\<0.001) between the two groups (\<cut-point value vs ≥cut-point value).

The pathophysiological mechanism behind the association between elevated NT-proBNP levels and COPD prognosis might be attributed to the following elements. Poor oxygen supply was a common problem in COPD patients, especially those suffering from acute exacerbations. First, hypoxia caused pulmonary vasoconstriction,[@CIT0023] which formed pulmonary hypertension, resulting in a right ventricular pressure overload. A study found that NT-proBNP was positively associated with pulmonary arterial pressure.[@CIT0024] Second, hypoxia caused secondary polycythemia and increased blood viscosity. Our data suggested that increased D-dimer levels were associated with both in-hospital mortality (RR, 1.48; 95% CI, 1.18--1.86; p=0.001) and 1-year mortality (HR, 1.39; 95% CI, 1.20--1.60; p\<0.001) using univariate analysis. In a previous study from our group, we showed that plasma D-dimer levels were associated with in-hospital and 1-year mortality in AECOPD patients.[@CIT0015] Third, increased oxygen consumption and poor oxygen supply of cardiomyocytes caused acidosis in cells, leading to a decrease in myocardial contractility, which increased the burden of the heart. Exacerbations of COPD worsened the heart condition, causing increased secretion of NT-proBNP by cardiomyocytes. In a study of COPD patients without a history of cardiovascular disease, Lee et al found that exacerbations of COPD had an effect on biventricular dysfunction rather than on isolated right ventricular compromise.[@CIT0025] However, to the best of our knowledge, there have been no studies that have continuously monitored changes in NT-proBNP concentrations. We were unable to determine which factors influenced the secretion of NT-proBNP in COPD patients as well as the relationship between the cause of elevated NT-proBNP levels and prognosis of COPD patients.

Our study had some limitations. Although our study was a single-center trial, it was a prospective study of unselected patients, which was closer to real-world clinical practice, and the results of our study were consistent with previous studies. However, a multicenter trial will still be needed to further confirm the relationship between NT-proBNP levels and prognosis in COPD patients, given that all current studies were single-center trials. Another limitation of this study was that patients lacked an echocardiogram at the time of admission. We were unable to identify those patients who had unrecognized CHF, which might have increased the risk of mortality in the multivariate analysis model. Previous data suggested a parallel relationship between cardiac dysfunction and NT-proBNP levels. However, because patients did not undergo an echocardiogram, we were unable to conduct a comprehensive analysis of the causes of elevated NT-proBNP concentrations. We hypothesized that the mechanism that caused the elevated NT-proBNP levels in COPD was mainly because of hypoxia. Although our data suggested that hypoxia was associated with in-hospital mortality, the correlation between PaO~2~ levels and NT-proBNP concentrations was weak (Spearman rho=−0.107, p=0.026). We could not rule out the possibility that PaO~2~ levels and NT-proBNP concentrations were correlated because data on blood gases taken on admission might have been affected because patients already received oxygen therapy as outpatients.

Conclusion {#S0005}
==========

In this prospective study, we found that the concentration of NT-proBNP ≥551.35 ng/L was an independent and strong risk factor of in-hospital mortality and 1-year mortality in unselected patients hospitalized for exacerbations of COPD.

This study was supported by The National Natural Science Foundation of China (81670042), The Natural Science Foundation of Guangdong Province (2017A030313887), and The Science and Technology Program of Guangzhou (201707010232, 201504010018).

Author Contributions {#S0006}
====================

Guoping Hu and Pixin Ran conceived the idea for this report. Guoping Hu, Haiqing Li, Zixiong Zeng, Juan Cheng, and Yuqun Li collected data for the study. All authors contributed to data analysis, drafting or revising the article, gave final approval of the version to be published, and agree to be accountable for all aspects of the work.

Disclosure {#S0007}
==========

The authors report no conflicts of interest in this work.

[^1]: **Notes:** Plus--minus values are means ±standard deviation. NT-proBNP concentrations are presented as medians (interquartile range, IQR).

    **Abbreviations:** COPD, Chronic obstructive pulmonary disease; BUN, blood urea nitrogen; PaO~2~, partial pressure of O~2~; PaCO~2~, partial pressure of CO~2~.

[^2]: **Note:** Plus--minus values are means ±standard deviation.

    **Abbreviations:** COPD, Chronic obstructive pulmonary disease; BUN, blood urea nitrogen; PaO~2~, partial pressure of O~2~; PaCO~2~, partial pressure of CO~2~.

[^3]: **Abbreviations:** RR, relative risk; 95% CI, 95% confidence interval; COPD, Chronic obstructive pulmonary disease; BUN, blood urea nitrogen; PaO~2~, partial pressure of O~2~; PaCO~2~, partial pressure of CO~2~.

[^4]: **Abbreviations:** HR, Hazard ratio; 95% CI, 95% confidence interval; COPD, Chronic obstructive pulmonary disease; BUN, blood urea nitrogen; PaO~2~, partial pressure of O~2~; PaCO~2~, partial pressure of CO~2~.
